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Abstract. 

We present a multi-epoch, accurate UBVRcIc photometric catalog of 83 
symbiotic stars and related objects, measured while calibrating the Henden 
and Munari (2000, 2001, 2006) photometric sequences around them. The vast 
majority of the observations where collected in the time interval between Octo- 
ber 19, 1998 to April 21, 2002 with the 1.0-m Ritchey-Chretien telescope of the 
U. S. Naval Observatory, Flagstaff Station (Arizona). On average, UBVRcIc 
data are given on 3.6 epochs for each program star. The overall budget error 
of the data is usually better than 0.01 mag. 

Key words: stars: pulsations - stars: variables - stars: AGB 
1. INTRODUCTION 

Symbiotic stars are binary systems composed of a cool giant and a hot compact 
companion (generally an accreting white dwarf). They show variability over any 
time scale from minutes (flickering) to several decades (outbursts of symbiotic no- 
vae), with phenomena related to the orbital motion having periodicities generally 
between 1 and 4 years (or up to a few decades in the systems harboring a Mira 
variable, ~20% of all known symbiotic stars). 

Therefore, the reconstruction of the photometric evolution of any given symbi- 
otic star, involves combining data from different sources extending over the widest 
time interval. Given the generally variable and quite red colors of symbiotic stars, 
combining observations from many different sources would greatly benefit from 
the use of accurate, well established and common photometric sequences available 
around each symbiotic star. 

We have established accurate UBVRcIc photometric comparison sequences 
around 83 mostly northern, symbiotic stars and related objects (Henden and Mu- 
nari 2000, 2001, 2006). The sequences were intended to assist both current CCD 
photometry (therefore covering wide range in colors to firmly anchor the trans- 
formation from local to international photometric systems) as well as inspection 
of archival photographic plates (therefore covering, particularly in the B band, a 
large range in magnitude). 

While establishing the photometric comparison sequences via CCD observa- 
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tions, we also recorded the corresponding symbiotic stars, and in this paper we 
report about their UBVRcIc magnitudes. The observations presented here were 
primarily obtained during the period from October 19, 1998 to April 21, 2002. 
Some PU Vul observations were obtained in 1995, some Z And observations oc- 
curred during 2003 and 2004, and we have included more recent observations of 
RS Oph and Z And. 

A previous, multi-epoch photometric catalog of symbiotic stars was published 
by Munari et al. (1992). It contained data on 78 mostly southern objects, ob- 
served during 1990 in UBVRcIc from ESO and JHKL from SAAO, and in addition 
UBVRj and JHKL data of further 20 northern objects observed from Crimean As- 
trophysical Observatory from 1978 to 1989. 

The present and Munari et al. (1992) catalogs therefore complements each 
other, and together they survey the majority of known symbiotic stars listed by 
Belczynski et al. (2000). 

2. OBSERVATIONS 

All of the observations from 2006 forward were acquired using the Sonoita 
Research Observatory (SRO) robotic 35cm telescope as part of a calibration and 
monitoring campaign. This telescope has a SBIG STL-IOOIE CCD camera with 
1.25arcsec pixels and 20x20arcmin field of view. All prior observations (the vast 
majority of Table 1) were made with the 1.0m Ritchey-Chrcticn telescope of the 
U.S. Naval Observatory, Flagstaff Station (NOFS). Two SITe/Tektronix thinned, 
backside illuminated CCDs were used, with 0.6763 arcsec/pixel telescope scale: a 
1024x1024 format detector, yielding 11. 4x1 1.4arcmin field of view, and a 2048x2048 
CCD, with a 23x23 arcmin field of view. Typical seeing was 2arcsec. For both 
SRO and NOFS, images were processed using IRAF along with nightly median 
sky flats, dark and bias frames. Aperture photometry was performed whenever 
possible, while psf-fitting photometry was adopted in the case of blending of the 
symbiotic star with nearby field stars (e.g. UV Aur, V4074 Sgr). Inhomogenous 
photometry similar to Honeycutt (1992) was used for the final magnitude determi- 
nation. The reported photometry only uses data collected on photometric nights 
(transformation errors under 0.02mag). For each such night, symbiotic field obser- 
vations were interspersed with observations of Landolt (1983,1992) standard fields, 
selected for wide color and airmass range. See Henden and Munari (2000, 2001, 
2006) for further details. 

3. THE CATALOG 

The photometric catalog is presented in Table 1, with the program stars listed 
in alphabetical order. There, HJD is the heliocentric Julian day minus 2400000, 
and refers to the UT middle of the V-band exposure. The listed errors are the 
Poissonian component of the total error budget. The total error budget is dom- 
inated by the transformation from the Landolt equatorial standard fields, which 
uncertainty does not in general exceede 0.02 mag. 

The emphasis of Henden and Mmiari (2000, 2001, 2006) work was to calibrate 
the best possible photometric comparison sequences, not to go for the best mea- 
surement of the symbiotic stars. Consequently, for a few stars and for some of the 
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bands or observing epochs, the symbiotic star may be saturated or underexposed, 
and therefore will be missing from Table 1. 

The observations collected on V1261 Ori were characterized by the star being 
always saturated at VRcIc. It was properly exposed only at U and B bands, 
and the corresponding data (not transformed for color equations) are presented in 
Table 2. 

Table 1. PliotoiiK^try oltlic s\iul)i()ti(: stars. 



name HJD V B-V U-B V-Rc Rc-lc 



AG Dra 


52337. 


,9564 


9.813 


0. 


.001 


X 


.340 





.002 


0. 


.319 


0. 


.002 





.870 





.001 





.636 


0. 


003 


AO Dra 


52382 


.8642 


9.829 


0. 


.001 


\ 


.376 





.001 


0. 


.412 


0. 


.002 





.874 





.001 





.670 


0. 


002 


AO Dra 




.8746 


9.826 


0. 


.001 


\ 


.383 


0. 


.001 


0. 


.425 


0. 


.003 





.860 





.001 


0. 


.689 


0. 


.002 


AG Peg 


52186. 


.7081 


8.769 


0. 


.001 


\ 


.260 


0. 


.001 


— 0. 


.012 


0. 


.003 


\ 


.061 





.002 


\ 


.159 


0. 


.003 


AG Peg 




.5979 


8.565 


0. 


.002 


\ 


.210 


0. 


.002 


— 0. 


.290 


0. 


.003 


\ 


.013 


0. 


.003 


\ 


.085 


0. 


.004 


AG Peg 




.5591 


8.588 


0. 


.000 


\ 


.178 


0. 


.000 


— 0. 


.351 


0. 


.002 


\ 


.047 


0. 


.000 


0. 


.877 


0. 


.003 


AG Peg 


^99Q9 


.5561 


8.648 


0. 


.001 


\ 


.121 


0. 


.001 


— 0. 


.343 


0. 


.002 





.950 


0. 


.002 


0. 


.970 


0. 


.003 


ALS 1 


51456. 


.6970 


13.518 


0. 


.002 


\ 


.381 


0. 


.003 


0. 


.329 


0. 


.008 


\ 


.156 





.002 


\ 


.373 


0. 


.002 


ALS 1 


51457. 


.6891 


13.516 


0. 


.002 


\ 


.376 





.003 


0. 


.318 


0. 


.005 


\ 


.158 





.001 


\ 


.377 


0. 


.001 


ALS 1 


51464. 


.6866 


13.428 


0. 


.002 


\ 


.409 





.003 


0. 


.295 


0. 


,005 


\ 


.147 





.003 


\ 


.354 


0. 


.001 


ALS 2 


51455. 


.6396 


14.324 


0. 


.004 


\ 


.899 





.007 


0. 


.529 


0. 


,025 


\ 


.374 





.004 


\ 


.211 


0. 


005 


ALS 2 


51456 


.5950 


14.335 


0. 


.004 


\ 


.890 


Q 


.007 





.469 


0. 


,014 


\ 


.373 





.005 


\ 


.227 





.003 


ALS 2 


51459. 


.5961 


14.302 


0. 


.005 


\ 


,882 





Oil 


0. 


.546 


0. 


,024 


\ 


.346 





.004 


\ 


.229 


0. 


004 


ALS 2 


51465. 


.5988 


14.315 


Q 


.005 


\ 


,905 





.010 





,428 


0. 


,025 


\ 


.393 





.005 


\ 


.228 


0. 


.005 


ALS 2 


51486. 


.5555 


14.332 


0. 


008 


\ 


,913 





.023 


0. 


,523 


0. 


,069 


\ 


.370 





.008 


\ 


.269 


0. 


009 


Ap 3-1 


51455. 


.7309 


17.008 


0. 


.036 


2, 


,026 





.084 


0. 


,929 


0. 


,155 


2 


.153 





.038 


2 


.178 


0. 


.013 


Ap 3-1 


51456. 


.7230 


17.024 


0. 


,044 


2, 


,125 





.105 


0. 


,572 


0. 


,158 


2 


.139 





.046 


2 


.200 


0. 


015 


Ap 3-1 


51457. 


.7087 


17.026 


0. 


,023 


2. 


,072 





.062 


0. 


,685 


0. 


,099 


2 


.125 





.024 


2 


.243 


0. 


009 


AS 201 


51999. 


.6488 


11.834 


0. 


,001 


0. 


,702 





.001 


0. 


,113 


0. 


,003 





.387 





.001 





.337 


0. 


003 


AS 201 


52014. 


.6273 


11.835 


0. 


,001 


0. 


,690 





.002 


0. 


,117 


0. 


,003 





.385 





.001 





.327 


0. 


003 


AS 201 


52016 


.6320 


11.837 


Q 


,001 


Q 


,696 


Q 


.001 


0. 


,115 


0. 


,003 





.381 





.001 





.332 


0. 


.002 


AS 210 




.8452 


12.123 


0. 


,003 


\ 


,482 


0. 


.004 


— 0. 


,478 


0. 


,004 


\ 


.384 





.002 





.929 


0. 


.002 


AS 210 


52061. 


.8452 


12.225 


0. 


,002 


\ 


,409 


0. 


.004 


— 0. 


,520 


0. 


,005 


\ 


.421 


0. 


.001 


0. 


.942 


0. 


.001 


AS 210 


52115. 


.6991 


12.617 


0. 


,003 


1. 


,127 





.006 


-0. 


,572 


0. 


,004 


1, 


.467 





.003 





.982 


0. 


.002 


AS 289 


52153. 


.7092 


12.700 


0. 


,002 


1. 


,621 


0. 


.004 


-0. 


,021 


0. 


,006 


1, 


.571 


0. 


.003 


1. 


.721 


0. 


.001 


AS 289 


52157. 


.6347 


12.687 


0. 


,002 


1. 


,608 


0. 


.004 


-0. 


,021 


0. 


,004 


1, 


.576 


0. 


.002 


1. 


.714 


0. 


.001 


AS 289 


52171. 


.6437 


12.691 


0. 


,002 


1. 


,612 





.003 


-0. 


,012 


0. 


,004 


1, 


.553 


0. 


.003 


1. 


.745 


0. 


.001 


AS 323 


51456. 


.6747 


14.215 


0. 


,006 


0. 


,964 


0. 


.009 


-0. 


,392 


0. 


,007 


1, 


.097 


0. 


.007 


1. 


.375 


0. 


.005 


AS 323 


51457. 


.6401 


14.212 


0. 


,005 


0. 


,994 





.006 


-0. 


,492 


0. 


,007 


1, 


.120 





.005 


1, 


.397 


0. 


.007 


AS 323 


51465. 


,6534 


14.145 


0. 


,006 


1. 


,013 





.007 


-0. 


,380 


0. 


,009 


1 


.100 





.006 


1 


.389 


0. 


,005 


AS 327 


52157. 


,6667 


12.861 


0. 


,002 


1. 


,571 


0, 


.005 


0. 


,244 


0. 


,008 


1 


.265 


0, 


.004 


1, 


.115 


0. 


,003 


AS 327 


52171. 


,5998 


13.029 


0. 


,003 


1. 


,470 


0, 


.007 


0. 


,076 


0. 


,006 


1 


.282 


0, 


.005 


1, 


.173 


0. 


,004 


AS 327 


52174. 


,6254 


13.031 


0. 


,003 


1. 


,471 


0, 


.005 


0. 


,052 


0. 


,007 


1 


.283 


0, 


.004 


1, 


.162 


0. 


,003 


AX Per 


51873. 


,6822 


11.341 


0. 


,002 


1. 


,271 


0, 


.002 


-0. 


,380 


0. 


,004 


1 


.321 


0, 


.002 


1, 


.520 


0. 


,001 


AX Per 


51877. 


,6873 


11.340 


0. 


,002 


1. 


,272 


0, 


.003 


-0. 


,383 


0. 


,004 


1 


.310 


0, 


.004 


1, 


.331 


0. 


,005 


AX Per 


51906. 


,6660 


11.440 


0. 


,002 


1. 


,224 


0, 


.003 


-0. 


,504 


0. 


,004 


1 


.320 


0, 


.002 


1, 


.547 


0. 


,001 


BD Cam 


52287. 


,7223 


8.732 


0. 


,001 


1. 


,138 


0, 


.002 













.661 


0, 


.002 










BF Cyg 


52110. 


,9205 


12.441 


0. 


,002 


0. 


,804 


0, 


.004 


-0. 


,506 


0. 


,003 


1 


.181 


0, 


.002 


1, 


.504 


0. 


,002 


BF Cyg 


52145. 


,8160 


12.595 


0. 


,002 


0. 


,747 


0, 


.003 


-0. 


,512 


0. 


,004 


1 


.157 


0, 


.002 


1, 


.528 


0. 


,001 


BF Cyg 


52146. 


,8206 


12.586 


0. 


,002 


0. 


,729 


0, 


.003 


-0. 


,506 


0. 


,003 


1 


.153 


0, 


.002 


1, 


.527 


0. 


,002 


BF Cyg 


52153. 


,7988 


12.648 


0. 


,002 


0. 


,716 


0. 


.003 


-0. 


,485 


0. 


,003 


1, 


.174 





.004 


1. 


.484 


0. 


,003 


BX Mon 


51581. 


,7547 


11.281 


0. 


,001 


1. 


,003 


0. 


.001 


-0. 


,441 


0. 


,001 


1, 


.057 


0. 


.002 


1. 


.489 


0. 


,002 


BX Mon 


51614. 


,7060 


11.235 


0. 


,001 


1. 


,162 


0. 


.001 


-0. 


,318 


0. 


,002 


1, 


.133 





.002 


1. 


.454 


0. 


,002 


BX Mon 


51629. 


,7021 


11.176 


0. 


,001 


1. 


,216 


0. 


.002 


-0. 


,351 


0. 


,002 


1, 


.150 





.001 


1. 


.452 


0. 


,002 
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Table 1. (continues). 



name HJD V B-V U-B V-Rc Rc-Ic 
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Table 1. (continues). 
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Table 2. Data for V1261 Ori. 
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